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 I 
摘要 
本研究以厦门曾营海岸三个不同高程样地的秋茄（Kandelia obovata，以前
学名为 Kandelia candel）红树林为研究对象。在模拟海平面上升 80 cm 红树林
（SLR 80 cm）、模拟海平面上升 40 cm 红树林（SLR 40 cm）以及对照红树林（SLR 
0 cm，相当于福建九龙江口红树林的滩面高程），探讨海平面上升对秋茄红树林
生态系统地下部分有机碳过程的影响。 
随海平面高度的增加，秋茄红树林底质有机碳和活性有机碳含量均逐渐增
加；随着深度的增加，三块样地的底质有机碳含量、TN含量及 C/N 呈现逐渐减
少的趋势，相较海平面高度，深度对以上指标的影响较显著，且海平面高度和深
度之间没有显著的交互作用。不同海平面高度的样地由于植被生长状况不同，导
致其植物对底质养分吸收的程度也有所不同，从而使得林地间底质养分含量存在
一定的差异。 
三块样地上层 50 cm 厚度底质的有机碳储量介于 79.75~113.35 t·hm-2，平均
每 10 cm 深度有机碳储量为 15.95~22.67 t·hm-2，有机碳储量随海平面高度增加逐
渐增加；随着深度的增加，底质有机碳储量呈现逐渐减少的趋势。红树林底质有
机碳储量和活性有机碳含量均与底质含水率及有机碳含量之间存在极显著的正
相关关系（P < 0.01）。 
稳定碳同位素（13C）结果显示，SLR 80 cm、SLR 40 cm、SLR 0 cm 样地
秋茄的 δ13C 值平均值分别为-25.48‰、-25.32‰、-24.94‰，红树林高潮时入林海
水悬浮物 δ13C 值平均值为-24.50‰。毗邻水域悬浮物对各林地底质有机碳的贡献
率随着海平面高度的增加而有降低的趋势，并且，随着深度的增加，毗邻水域悬
浮物对各林地底质有机碳的贡献率呈现先增加后逐渐减少的趋势。整体来说，红
树植物对底质有机碳的贡献率弱于毗邻水域悬浮物的贡献率。 
三块样地的沉积速率为 0.17~1.74 mm·a-1，SLR 0 cm 样地与 SLR 80 cm 样地
间存在显著差异；三块样地的有机碳沉积速率为 2.24~26.02 g·m-2·a-1，三块样地
两两间都存在显著差异；底质沉积速率和有机碳沉积速率均呈现SLR 0 cm > SLR 
40 cm > SLR 80 cm 的规律；海平面上升对底质沉积速率和有机碳沉积速率均有
显著影响。林地树木的郁闭度对林地沉积悬浮物起到了一定的促进作用。 
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活细根、死细根以及粗根的生物量均在在 SLR 80 cm 样地呈现最小值，并且
活细根和粗根的生物量随海平面高度的增加，生物量逐渐减少，潮水浸淹时间越
长，秋茄植物的活细根、死细根生物量、粗根生物量越少；根系在 0~10 cm 深度
生物量最多，而随着深度的增加，细根的生物量锐减，而粗根则没有显著差异变
化。在总根中，粗根生物量比例（61%） > 活细根生物量比例（24%） > 死细
根生物量比例（15%）；在总细根中，活细根生物量比例（61%） > 死细根生
物量比例（39%）。 
活细根和死细根的有机碳含量、TN 含量、C/N 及 TP 含量在不同海平面高
度间存在显著差异，有机碳含量、TP 含量及 TP 含量随着海平面的升高均呈现逐
渐增加的趋势，C/N 规律与之相反；粗根的有机碳含量在不同海平面高度间无显
著差异，但其 TN 含量、C/N 及 TP 含量在不同海平面高度间存在显著差异；从
0 cm 至 50 cm 深度，活细根和粗根养分的变化规律不明显，死细根的养分随底
质深度的增加呈现先增多后减少的趋势。 
随着海平面的升高，不同分解深度的细根分解失重率和平均分解速率均呈现
逐渐增大的趋势；低温会延缓细根分解进程；10 cm 深度的细根的平均分解速率
大于 30 cm深度的细根；经过 184天，10 cm深度的细根在 SLR 80 cm、SLR 40 cm、
SLR 0 cm 样地别分解了 54.34%、52.07%、50.76%，而 30 cm 深度的细根在 SLR 
80 cm、SLR 40 cm、SLR 0 cm 样地别分解了 48.81%、47.73%、44.99%。海平面
高度、分解时间、分解深度对细根分解有显著的交互作用。 
在不同海平面高度，除 10 cm 深度的分解过程中细根 TP 含量在 SLR 0 cm
样地与 SLR 40 cm 样地、SLR 80 cm 存在显著差异外，其他含量在各样地间均无
显著差异。随着分解时间的增加，只有 TN含量变化较明显，呈现逐渐下降的趋
势，其他含量有升有降，无明显变化规律。 
 
关键词：海平面上升；红树林；有机碳；沉积；细根 
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Abstract 
Three Kandelia obovata forests with different intertidal elevations, regarded as 
sea level rises (SLR) of 80 (lower elevation), 40 (middle elevation) and 0 (control, 
upper elevation) cm respectively, along the coastline of Zengying, Xiamen were 
studied to investigate the effects of SLR on main processes of organic carbon in  
underground parts of mangrove ecosystems. 
With sea level rising, organic carbon content and active organic carbon content in 
sediment of different Kandelia obovata forests gradually increased. With sediment 
depth increasing, organic carbon content, TN content and C/N ratios at three plots 
showed the tendency of gradually reducing. Compared with sea level rise, depth had 
obvious impact on different sediment content in Kandelia obovata forests, and there 
was no significant interaction between sea level rise and depth. Due to the different 
growth condition at three plots, the ability of assimilating sediment nutrients of three 
plots’ plants was different, which led to the difference in sediment nutrient content. 
Organic carbon storage in sediments ranged 79.75~113.35 t·hm
-2
 at 50 cm depth, 
and average organic carbon storage in sediments at every 10 cm deep was 
15.95~22.67 t·hm
-2
, and with sea level rising, organic carbon storage in sediments of 
different Kandelia obovata forests gradually increased. With depth increasing, organic 
carbon storage in sediments showed the trend of gradually reduce. It was depth but 
not sea level that had significant influence on organic carbon storage in sediments of 
Kandelia obovata forests and there was no significant interaction between depth and 
sea level rise. Moisture and organic carbon content had remarkable effects on organic 
carbon storage and active organic carbon content (P < 0.01) . 
The average stable carbon isotope (13C) value of Kandelia obovata plants at 
SLR 80 cm, SLR 40 cm and SLR 0 cm plots were -25.48‰, -25.32‰ and -24.94‰ 
respectively, and mean values of 13C of suspending solids in adjacent seawater was 
-24.50‰, which was higher than the average stable carbon isotope (13C) value of 
Kandelia obovata. Contribution of suspending solids in coastal seawater to organic 
carbon of sediment gradually reduced with sea level rising. With depth increasing, 
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contribution of suspending solids in coastal seawater to organic carbon of sediment 
increased and then declined. Contribution of mangrove plants to organic carbon of 
sediment was lower than suspending solids in adjacent seawater. 
Sediment accumulation rates ranged from 0.17 to 1.74 mm·a
-1
, and there had 
significant difference between plots of SLR 0 cm and SLR 80 cm. Sediment organic 
carbon accumulation rates ranged from 2.24 to 26.02 g·m
-2
·a
-1
 and there had 
significant difference along three plots. Sediment accumulation rates and sediment 
organic carbon accumulation rates showed the same tendency of SLR 0 cm > SLR 40 
cm > SLR 80 cm. Sea level had significant influence on sediment accumulation rates 
and sediment organic carbon accumulation rates. Canopy density of plants facilitated 
sediment accumulation. 
Biomass values of live fine roots, dead fine roots and coarse roots all showed 
minimum values at plot of SLR 80cm and live fine roots and coarse roots gradually 
increased with sea level rising, and root biomass reduced with time extension of 
tidewater inundating plants. Root biomass was maximum in 0~10 cm depth, and with 
depth increasing, fine root biomass sharply reduced, but coarse roots had no 
significant difference. In total roots, coarse root biomass percentage (61%) > live fine 
root biomass percentage (24%) > dead fine root biomass percentage (15%). In total 
fine roots, live fine root biomass percentage (61%) was higher than dead fine root 
biomass percentage (39%). 
All parameters of organic carbon content, TN content, C/N ratios and TP content 
of live fine roots and dead fine roots had significant difference at different sea level 
plots, and organic carbon content, TN content and TP content of live fine roots and 
dead fine roots gradually increased with sea level rising while C/N ratios gradually 
increased. Organic carbon content of coarse roots had no significant difference at 
different sea level plots, but TN content, C/N ratios and TP content of coarse roots had 
significant difference at different sea level plots. From 0 to 50 cm depth, there was no 
significant change in nutrient contents of live fine roots and coarse roots, but nutrient 
contents of dead fine roots increased and then decline. 
With sea level rising, dry weight loss and average decomposition rate of fine 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
 V 
roots at different depths gradually increased, and  low temperature would delay the 
process of fine roots decomposition. Average decomposition rate at 10 cm depth was 
rapider than average decomposition rate at 30 cm depth. Through 184 days 
decomposition, fine roots at 10 cm depth at SLR 80 cm, SLR 40 cm, SLR 0 cm plots 
were 54.34%, 52.07%, 50.76%, respectively, and fine roots at 30 cm depth at SLR 80 
cm, SLR 40 cm, SLR 0 cm plots were 48.81%, 47.73%, 44.99%, respectively. Sea 
level, decomposition time and decomposition depth had significant interaction on fine 
roots decomposition. 
At different sea level plots, with the exception of the TP content in 10 cm depth 
had significant differences between the SLR 0 cm and SLR 40 cm, SLR 80 cm, other 
nutrient contents had no significant difference among three plots. With extension of 
decomposition time, it was only TN content had obvious change in fine roots 
decomposition process, and TN content showed a trend of gradual decline, and other 
nutrient contents had no obvious change tendency.  
 
Key Words: Sea level rise; Mangrove; Organic carbon; Accumulation; Fine roots 
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